In this paper to solve a set of linear and nonlinear fractional differential equations, we modified the differential transform method. Adomian polynomials helped taking care of the non-linear terms. The main advantage of our algorithm over the numerical methods is being able to solve nonlinear systems without any discretization or restrictive assumption. We considered Caputo definition for fractional derivatives.
Introduction
Successful implementation of fractional differential equations(FDEs) in mathematical physics and engineering including polymer physics, viscoelastic materials, viscous damping and seismic analysis, fractional integrals has motivated great research in recent years [1-3, 14, 15] . To describe memory and hereditary properties of processes or materials fractional derivatives are good candidates. Non-local behavior of a fractional order differential operator is a main advantage over classical operators. This non-local behaviour makes the future state of a dynamical system or process be dependent on its current as well past states. In other words, differential equations of any order would be capable of describing memory and heritability. Therefore, finding efficient methods for solving FDEs is interesting to the research community and numerous methods have been proposed in the literature. To name a few we can mention homotopy perturbation method (HPM) [11, 12] , Adomian decomposition method (ADM) [7] , homotopy analysis method (HAM) [9, 10] , variational iteration method (VIM) [13, 22] and differential transform method (DTM) [4, 5] . In late 80s Zhou [6] introduced the idea of differential transform method and used it to solve linear and nonlinear initial value problems in electrical circuit analysis. This highly applied method provides solution in the form of polynomials, though it is based on Taylor series method. In this study, a modified version of Zhou's method is utilized in solving fractional differential equations. Our approach combines two powerful methods of Adomian decomposition method and the differential transform method. As expected from each of these methods, our proposed approach provides us with rapid convergent series which may lead to the closed form solution as well. The method can solve nonlinear systems without any discretization or restrictive assumption. Three examples of linear and nonlinear fractional differential equations are detailed in the paper to demonstrate the reliability and efficiency of our method which are also compared to existing solutions.
Preliminaries
This section provides some definitions and preliminary results which we will use throughout this paper. Definition 2.1. We say that a real function f (t), t > 0, is in the space Cµ , µ ∈ R, if f (t) = t p f 1 (t) holds for a real number p ≥ µ and
where n ∈ N and n − 1 < α < n.
The α-order Riemann-Lioville fractional derivative of a continuous function f is defined by
whenever n ∈ N and n − 1 < α < n and the right-hand side is point wisely defined on (0, ∞). 
The two-parameters form of this function, defined by Agarwal, has the following series representation
Definition 2.6. If function u(x, t) is analytic and differentiated continuously with respect to time t and space x in the domain of interest, then let
where the t-dimensional spectrum functionU k (x) is the transformed function.
In view of (1) and (2) one has
Considering (1), (2) and (3), it's clear that the concept of the differential transform is derived from the power series expansion. In the sequel we present some basic concepts and properties of the DTM. Let u(x, t), v(x, t) and w(x, t) be functions of time t and space x and U k (x) , V k (x) and W k (x) are their kth corresponding differential transformation. Then
Modified Differential Transform Method (MDTM)
To begin with, we consider the system of fractional partial differential equations with the initial conditions given by D 
where θ i should be chosen such that α i θ i is a positive integer. On the other hand, the standard Adomian decomposition method [7] yields the following series solution for u i (x, t)
Furthermore, the nonlinear term N i (u 1 (x, t), ..., un(x, t)) is appear by the following series approximation
where the A ik (u 10 , u 11 , ..., u 1k , u 20 , u 21 , ..., u 2k , ..., u n0 , u n1 , ..., u nk ) are the Adomian polynomials and can be constructed using the formula [7] A
From (1), (9) and (6) one can deduce that kth differential transformation component of N i (u 1 (x, t) , ..., un(x, t)), which is shown asÃ ik , may be obtained by replacing each u ik with U i (k) in A ik (the corresponding Adomian polynomial). In other words, if
Taking the differential transformation of (4), we have the following system of algebraic equations
By solving this set of algebraic equations the differential transformations can be easily acquired. Therefore, we succeeded in finding the solution series.
Applications
In this section, to demonstrate the effectiveness and the reliability of our method we detail three examples of linear and non-linear fractional differential equations which are also compared to existing solutions. Our findings are in good agreement with other previous results. 
subject to initial conditions
It is easy to check that if α = β = 1 the exact solution of the problem is
u(x, t) = sinh(x − t), v(x, t) = cosh(x − t).
First, we suppose the following series representations for the solutions
Using of the MDTM with θ 1 = 1 α and θ 2 = 1 β yields the following system of recurrence schemes
By solving this set of equations one can obtain the following differential transformation components
. . .
So, the solution in series representation is find by
If we set α = β = 1 in (16) and (17) we get
v(x, t) = cosh(x)
which shows our method gives the exact solution of (12) (13) (14) when α = β = 1. 
subject to the initial conditions of the form
As the previous example it is easy to check that the exact solution of the problem when α = β = = 1 is of the form
We suppose the following series representation form for the solutions
where
β and θ 3 = 1 . Continuing as before, utilizing of the MDTM yields the following system of recurrence schemes
where theÃ k ,B k , . . . ,F k are differential transform components obtained from the Adomian polynomials for the corresponding nonlinearities. So, we find the following differential transformation components 
Substituting α = β = = 1 we get
which shows our method's result is precisely the exact solution of the problem when α = β = = 1. 
where α, β ∈ (0, 1).
According to the results of [21] , the problem has a unique solution. In order to solve the system by MDTM, we suppose
We define the non-linear terms by
where in view of (10) and using Mathematica software we obtain the following differential transformation componentsÃ
A 11 = 2U(0)U(1), 
